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| NTRODUCTION

The "NeEw MEexcio WATER SysTEMS OPERATOR
CermiFicaTion  Stupy Guipe” was developedby Fred
Ragsdat of Ragsdat ard Associate unde contrad with
NMED Surfa@Wate Quality Bureau Withthiseditionthe
title haschangedo The"N ew Mexcio WATER SvsTems
OprerRATOR CERTIFICATION StubY MANUAL " toreflectthe
additionof furtherstudymaterial.lt shouldbeusedasatool
to assistWater Systemsoperatoran New Mexico in
preparatiorfor takingtheNewMexicoDistributionSystems
Operatg Smal Wate Systens Operatg ard\Wate Systems
Operatorcertification exams. In New Mexico Water
Certificationisdividedintothefollowingareas:

8 Four classesof Water System Operator
certification

8§ Threeclasse®f DistributionSystem®perator
certification

8 Two classe®f SmallWaterSystem€perator
certification

Thismanuéisndintendeltobe acomplegreferenemanuéfor
technicéinformation ltspurpogistoguidethereadetosudy
materidfor eatof themaja subjetareafor eatof thedasses.
Theeisnoimpliedclamthathisstud/guicecovesevel passible
poirtonwhichanoperatomay betestecHoweve, itisintended
tobecomprehenseinitscoveragof theessentianformaton
foreatbhexam Asnentechnologisaredevelopdardbecome
availablen theStateof NewMexicofurtheradditionswill be
macktothe Study Manudtoassisoperatosinunderstanding
thogadvancdwate treatmettechnologies.

Themanuais dividedinto fourteenbasicchapters.In the
futureachaptefifteenwill beaddedtontainingnformation
on emergingadvancedvatertreatmentechnologiesThe
manaulalso containsa useful Appendix: EPA manual
"ResponserotocolToolbox: Planningor andResponding
toDrinkingWate Contaminatio ThreasardIncidents!” Each
chaptetin the studymanuahasbasicandadvancedtudy
guestiongndsampldestquestionshatareintendedo help
theindividud determirethetypeof informationtha iscovered
inanexamBasiaguestionsvill generallycoverinformation
in theSmallWaterSystem&xamsandtheClassl and2 for
WaterSystemsndDistribution Systeme&xamsAdvanced
guestionsvill coverinformationin theWaterSystem<€lass
3 and4 andDistributionSystem<£lass3 exams.Thestudy
guestionsindsampleestguestionsiredesignedo directthe
readetoexaninformatiantha isrelatel tothechaptetopics.

Thereis only one correctanswerfor the SampleTest
Questions No answe sheeis provided You will haweto
look themup.

Distribution Systensexanswil | includeinformation
from Chapterd-5,7-10,and13-14.

Smal Wate Systensexamwill includeinformation
from Chapterd-5,7-11,and13.
AdvancedSmallWaterSystemxamwill also
includeinformationfrom Chapter$ and12.
Water SystemsClass1 examwill include
informationfrom Chapterd-4,7-11,and13-14.
Water SystemClass 2 exam will include
informationfrom Chapterd-11and13-14.
Water SystemsClass3 and 4 examswill
includeinformationfrom Chapterd throughl5.

Thecertificatinexansuseseverbtexisasreferenemanuals
for examtopics.Eachchapteiof thestudymanuakontains
referencet specificchaptersfthesenanual$or thosevho
wishtoaccesmoreinformationonthetopicscoveredn that
particulaisection.

U Office of Water Programs,California State
University, Sacramentd/Vater TreatmenPlant
Operation4thed, 1999 Volumes1 & 2.

U Office of Water Programs,California State
University, SacramentoSmall Water Systems
0&M. 4thed.,2001.

U Office of Water Programs,California State
University, SacramentoWater Distribution
SystenD&M. 4th ed.,2000.

0 ACR Publications,Inc., SkeetArasmith,
Introductionto SmallWaterSystemsl 993.

U FletcherDriscoll/USFilter, Groundwaterand
Wells 2" Edition,1986.

Speciakhanksto:

NMED SWQBUtility OperatorCertification Programfor
funding BabPadillafor hisgraphics theNexMexico Utility
OperatorCertificationAdvisoryBoardfor chapterreviews;
everyonavhohelpedo proofreadthefirst draft for typos;
Bill Peiferfor help formattingthe original text; Marilyn
Still for furthertyporevisionsRobert& NancyGottof Gott
ConsultingServicedor structuringsupplementaiext and
reformattingthe studyguide; and Extra SpecialKudosto
SeweHansa for contributirg the Advanced Water Chapte.







New M Exico ENVIRONMENT DEPARTMENT

SURFACE WATER QuALITY BUREAU

UTiLity OpPERATOR CERTIFICATION PROGRAM

NMED

TheNew Mexico WaterQuality ControlCommission,
throughthe New Mexico EnvironmentDepartment
(NMED), grantscertificationfor competencyto the
operator®f waterandwastewatesystems.The Utility
OperatorCertificationProgram(UOCP)conductghe
testingfor certification.Certainrequirementsmustbemet
beforean operatoris eligible to take a certification
examination.

An operatorbeginsthe processdy completinga test
applicatiorfromtheUltility OperatoCertificationProgram.
Applicationswill onlybeaccepted theyaresubmittecht
leag 30 daysprior totheexan date A certificatian officer
will revieweachapplicatiorto determinéf theoperators
eligibleto taketherequestedxaminationAn application
mustbesubmitteceventimeatestis taken.Examinations
aregivenseveratimesayearatvariousocationsaround
thestate Feesrangefrom $25.00- $30.00depending
ontheexaminationAcheckor moneyorderfor theproper
amouninust accompangachexamapplicatiorandpaid

to Utility Operator Certification Program.

Certificatesmustbe renewedeverythreeyears.The
renewaldate will be the last day of the certificate
holder'sbirth monthfollowing the third anniversary
of thecertificate. TheUOCPalsohandlegenewalof
certificates.Renewafeesrangegrom $20.00- $30.00

=

=

g

New
Mexico
Environment
Department

All correspondenc@cludingapplicationsshouldbe
mailedto:

NMED SurfaceWater Quality Bureau

Utility Operator Certification Program

PO Box 5469

depending on the level of certification to be renewed Santa Fe, NM 87502

per certificate.

TheUtility OperatorCertificationProgranmaintains
trainingcreditsfor certifiedoperator®nly. Eachoperator
mustkeeparecordof all trainingcreditsearned Anyone
whointendsto applyfor NM certificationmustinclude
documentatiownf trainingcreditswhentheapplications
submittedCertifiedoperatorshataretakinghigherlevel
examsmay also have to submit training credit
documentatioto updaterainingrecordiles attheUtility
OperatoCertificationProgram.

Pleasdeelfreeto call theUtility OperatorCertification
Prograntorequesinformationonexamapplicatiorforms,
examdatesandlocationsor certificationandrenewal.
Thetelephon@umbefrfor theoffice is 505827-2804



| MPORTANT FACTS ABouT OPERATOR C

ERTIFICATION

Anoperatq asdefinal by NM Wate Quality Contrd Commission
Regulationss "any persoremployedy theownerastheperson
responsibléortheoperatiorof all oranyportionof awatersupply
systenor wastewatefacility. Not includedin thisdefinitionare
suchpersonsasdirectorsof public works, city engineerscity

managersyrotherofficialsor personsvhosedutiedonotinclude
actualoperatioror directsupervisiorof watersupplysystemsr

wastewatefacilities."

UndertheUtility OperatoCertificationAct,'acertifiedoperators
apersomwhois certifiedby thecommissiorasbeingqualifiedto
superviseor operateone of the classificationsof watersupply
systemsor wastewateffacilities”. Experienceis "actual work
experiencdull orparttime,in thefieldsof publicwatersupplyor
publicwastewatetreatment.Work experiencén a relatedfield
maybeacceptedtthediscretiorof thecommission™Any claim
of related experienewil | bereviewetd by theWate Quality cantrol
CommissiorfWQCC)or its advisorybody,theUtility Operators
CertificationAdvisonBoard.

The Utility Operato Certificatin Advisory Boad (UOCAB) isa
seveAmemberboardappointedo functionwith the WQCCto
establishqualificationsof operatorsclassify systemsadopt
regulationsandadviseheadministratiorof theUtility Operators
CertificationAct. Its membersare drawnfrom certified water
systems operatosdwastewater facility operatorthroughout
theStateof NewMexico.

Experienc¢hatincludesoperationmaintenancer repairof water
treatmentand water distribution systemss acceptedasedon

whetheitisfull or parttime. TheNM Utilit y OperatoCertfication

Advisory Boadwill review ardapproeexperieneinothe relaed

fields,suchascommerciaplumbingor utility construction Credit
for parttime experiencavill bebasednthepercentagef time

devotedto actualoperationor maintenancer-ull time wateror

wastewatetaboratoryexperiencemay be countedas operator
experiencata rateof 25%of actualexperience.Thecreditfor

thisexperiencevill bedeterminedby reviewof theUOCAB.

Basic CERTIFICATION REQUIREMENTS

Therearethreebasiaequirementanoperatomust ExXPERIENCE TRAINING EpucaTion
meetto qualify for New Mexico certification. All CREDITS

certified operatorsnusthaveat leastone year of | Class1 lyear* 10 HS Grador GED*
actualexperiencen operatioror maintenancefa | Small Systems 1 year* 10 HSGrador GED*
public water system.All levels of certification | Class?2 2 years* 30 HSGrador GED*
require high school graduation or GED (see | c|ass3 4years* 50 HS Grador GED*
subst_ltutlons).AII Igv_elsof ce_rtlf!catlonreqU|rea Class4 lyearasClass3 8C HS Grador GED
certainnumberof fraining creditsin watersystems | .o, supstitution:

O&M or relatedfields.

SUBSTITUTIONS

Oneyearof additionakxperiencenaybesubstitutedor thehigh
schoobraduatioorGEDrequiremerfor all classegxceptClass
4. Educatioomaybesubstitutedor experiencertrainingcredits
in somecases.Theeducatiormustbein awateror wastewater
relatedield. Oneyearof vocationakducatiortanbesubstituted
for upto oneyearof experienceAssociatandBachelodegrees
in a relatedfield may be substitutedor up to threeyearsof
experiencands0trainingcredithoursdependingntheamount
of actuakxperienceThecriteriafor substitutiorof educatiorfior
experiencareasfollows:

-No more thanone year (30 semestehours)of successfully
completedcollegeeducatiorin a non-related field may be
substitutedfor an additionalsix months of the required
experience.

- One year of approvedvocationalschoolin the waterand/or

wastewatefield maybe substitutedor only one additional
3

year of therequiredexperience.



- An Associatedegreein atwo-yearprogramat anapproved
schooln thewaterand/omwastewatefield, andsix months
of actualexperiencen thatfield (which maybe accrued
before, during, or after the school program) may be
substitutedfor the requirementof any level up to and
includingClass2.

- An Assaociatedegreein atwo-yearprogramat anapproved
schoolin the water and/orwastewateffield and twelve
months of actualexperiencen thatfield (which maybe
accruedbefore, during,or aftertheschoolprogramymaybe
substitutedfor the requirementof any level up to and
includingClass3.

- Completionof at leastthree years of actualexperiencen
the water and/or wastewaterfield, plus high school
graduation or equivalent,plus 15 semesterhours of
successfullgompletedcollegeeducatiordirectly relatecto
thewateror wastewatefieldmay besubstitute for ary leve
uptoardincludingClass3.

- A Bachelor Degreein a majordirectly relatedto the water
or wastewatefield, plustwo yearsof actualexperiencén
that
field may besubstitutel for ary leve uptoardincludingClass3.
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CHAPTER 1: WATER SysTEMS OVERVIEW

Water systemstoday are finding themselveswith ever

increasingresponsibilitiedn the areaof propertreatment
and protectionof the water supply. The impacton small

systemsanbe substantial.lt is moreimportantthanever
to makesurethe peoplewhorunthesesystemshavebetter
understandin@f their system'soperation.

The basicresponsibilityof the systemis to provide each
individualwith anadequatsupplyof safe potabledrinking
water.Thisresponsibilityextendgo all employeesywhether
onamanagerialsupervisorypperationalpr clericallevel,
in somedirector indirect manner Eachemployeeshould
beawareof theirdutiesandcall to their supervisos attention
any condition that might impair water quality or cause
serviceinterruption to any part of the system.These
responsibilitiesanbebrokendowninto threemajorareas
of concern:
1. Providing enoughwater to meetthe total demands
of the system.
2. Providing water that is both safeand palatable to
the customers.
3. Providing that water to the customer when it is
needed.

MEeeTine WATER SvysTEM DEMANDS
Theamountof waterusedby theentiresystems knownas
thedemandlacedonthatsystemThisdemandnaycome
from severaldifferentsources.

DowmesTic WATER UsAGE

Domesticwaterusages anywaterthatis useddirectly by
peoplein their daily activities. Theseactivities include
bathing, drinking, cooking, sanitation and other
miscellaneousctivitieslike wateringlawns,washingthe
car and laundry. Two major factorsthat determinethe
domesticwaterdemandsplacedon a systemareone, the

requireas muchwaterasthe entire domesticdemandon
thesystem.

AGRICULTURAL WATER UsSAGE
Agricultural usageof wateris consideredo bewaterused

in irrigating crops, watering livestock, and in cooling and

cleanupof dairiesandfarmequipmentAgriculturaldemand
will generallyrepresent largerportion of the total water
usagethantheindustriesin rural areas.

PusLic WATER UsAGE

Public water usagemay be defined as any community
servicethat requirespotablewater. Servicesmay include

fire protection recreationswimmingpools,golf courses,
etc.) andstreetmaintenanceln rural communitieswhere
theseservicesarelimited, publicwaterusagemaynotbea

consideration.

Presentonditionsandfutureincrease# waterproduction
shouldbeconsidereavhendesigninghesystemOperators
maynotbeconcerneavith theoriginal designof thesystem
but shouldbe awareof the impact of new additionsand

extensiondgo the system.This is especiallytrue in areas
where presentwater mains are handling maximum

capacities.

SOURCESOF SUPPLY

Findingenoughwaterto satisfythe demandnthesystem
is thecertainlyamajorconcerrfor thewatersupplier. The
legal and financial considerationghat arisewhentrying
to procurewater rights or finance the capital funding
requiredto constructtreatmentfacilities can limit the
optionsavailablein manycases.

Systemsrefacedwith essentiallywo choicesvhenselecting

number of individuals the system serves and secondly agourceof supply. They candrill wells and useground

amountof watereachpersonon the systemwill needper

wateror, if a suitableriver or lake is presentthey may

day.Onanationwidebasistheaveragedaily consumption chooseo useasurfacewatersupply.

of water(total gallonsuseddividedby thetotal population)
is aboutl 30gallonsperpersorperday.However thisfigure

MEeeTING WATER QUALITY STANDARDS

will vary dependingon the geographidocationinvolved  prior to 1976, water quality was regulatedby individual
andthepopulationdensityof thatarea Ruralareadendto  statestandardsin many caseshesestandardsvere only
have a daily consumptionrate lower than the national recommendationstherthanenforceableegulationsThe
averagewhile urbanareasmayhavea higherrate. U.S. Congresgassedhe SafeDrinking WaterAct (P.L.

93-523) in 1976. The law setspermissiblelevels of

INDUSTRIAL WATER USAGE
Industrialusageof wateris consideredo bewaterusedfor
productionof goodsfor marketing.Theprimarysource®f

substance$ound in waterwhich could be hazardougo
public health. Theseregulationsinclude Maximum
Contaminant_evels or MCL, for inorganicand organic

industrialdemandsn rural areasaredairies food processing, chemicals,radioactivity, turbidity and microbiological

wood products,andtextiles.A singleindustrialusermay

levels.Testingandmonitoringrequirements,eportingand
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record keeping schedulesand public notification are
enforceduy individual stateagencies.

MeeTiné WATER CoONSUMPTION AND PEAK

DEmANDS

Peakwaterconsumptiorperiodswill vary daily according
to seasonsand geographiclocations. The major
responsibilityof the operatoris to makesurethe wateris
availablewhenit is needed.

SEASONAL DEMANDS

The amountof water usedeachday will generallyvary
accordingo thetime of year.Higherdaily demand®ccur
duringthe hot summemonthswhile thedemandwill tend
to drop off during the winter months. Fluctuationsin
temperaturendrainfall may alsodictatea rise or fall in
daily waterconsumption.

DaiLy Peak DEmMANDS

Ninety percenbof thedaily waterusagewill occurduringa
16-hour period.The peakdemandperiodsoccurbetween
theearlyhoursof themorning,(5amto 10am)andtheearly
eveninghours, (5pm to 10pm.) Demandwill usually
increasesarlierin ruralareasln urbanareaspeakdemands
will be higher during the week while in rural areasthe
highest peak demands occur on weekends.

ComPoNENTS oF A WATER SYSTEM
Watersystemsaremadeup of anumberof deviceghatare
usedto deliver water to the customer.The major
componentganbedividedinto the areasof the sourceof
water,its treatmentandits distribution.

WATER SOURCESAND TREATMENT

The sourceof water can be from groundwater,surface
water, or water purchasedrom anotherwater system.
Usually the sourceof your waterwill determinethe type

of treatmennecessaryn mostcircumstancegroundwater
requireslittle treatment.Groundwaterquality problems
include: mineralshardnessanddissolvedyassesSurface
watertypically requiresextensiveareatment.Surfacewater

gualityissuesre: turbidity, taste& odor,andcolor. Surface
waterusuallyrequireschemicaltreatmentndfiltration.

DisTriBUTION AND TRANSMISSION WATER M AINS

Main lines transportwater from the sourceor from the
treatmenfacility to the areato be served Thesepipesare
usuallythelargestin thesystemTheyalsoserveasfeeder
linesfor thoseuserswho arelocatedalongthem.

SERVICES

Servicesaresmalllines(usuallyl" or 3/4") thatcarrywater
fromthemainline to thewateruser.Theserviceconnection
includes:

1. Somemeansof tappingthemainline or feederline.

A corporatiorstopfor turningthewateroff atthemain

or feederline.

Servicepipeor tubing.

Sometypeof metersettewhichincludesameterstop.

Watermeter.

A fitting for the watercustomer'sonnection.

o0k w

Puwmps

Pumpsare usedto move raw water from the sourceinto
thetreatmentacility or from thewell into thesystemThey
are also usedto move treatedwater from the treatment
facility into the system.Pumpsareusedto createpressure
for the systemandto fill the waterstoragdacilities.

STORAGE TANKS

Storagdaankshold areserveof waterfor thosetimeswhen
thedemandor wateris greatetthancanbesuppliedby the
trunk line or by the pumps.They also provide water for
fire protectionandfor thosetimeswhenthe supplymight
beinterrupted.

ConTROLS
Automaticpumpcontrolssenseressur@nthesystemand
turn the pumpon whenthe pressurdalls below a desired
pointor whenthewaterlevelin thewatertowerdropsbelow
acertainlevel. Whenthewaterlevelin thetowerhasbeen
restoredor whenthe system'spressureénasbeenraisedto
normal,thecontrolsautomaticallyturnthepumpoff. Pump
controlscan also turn the pump off, if alarm conditions
occur. Thesetypes of alarm conditions include; high
dischargepressuremotoroverload high motoror bearing
temperaturesyr low suctionpressure.

| sOLATION VALVES
Isolationvalvesareusedthroughouthe systemo stopthe
flow of water. They are usually gatevalvesor butterfly
valves. The trunk line would have at leastoneisolation
valve per mile of line in smallrural systemsandin large
municipalsystemgsheymayneedto belocatedevery300-
600feet. Eachbranchline shouldhaveanisolationvalve
at the point of connectionto the trunk line. The proper
locationof thesevalvesis importantin orderto isolatesmall
sectionsof line for repair. This minimizesthe numberof
customerghatareout of waterduringtimeswhen repairs
arebeingmade.
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ConNTROL VALVES

awatersystems "out of sight",it shouldalwaysbeonthe

Control valvesare designedo control flows or pressures Mindof theoperatorA competenbperatoprovidesalarge

in thesystemThereareanumberof differentapplications

for thecontrolvalvesthatmaybeusedn thesystem.They

are usually diaphragmoperatedglobe valves that are
controlledby hydraulic pilot systems.Here are someof
theapplicationdor controlvalvesin awatersystem:

1. Pressuraeducingvalves- Thesevalvesare usedto
dropthepressurén adistributionzonein orderto avoid
damageo the system.

2. Pressurerelief valves - Thesevalves are usedto

degreeof protectionfor both the tremendoudinancial
investmengandthe healthof thecommunity.

References

Office of WaterProgramsCaliforniaStatdUniversity,Sacramento,
WaterTreatmenPlantOperation Volumel, 4" ed.,Chapterl
Office of WaterProgramsCaliforniaStateUniversity, Sacramento,
WaterDistribution SystenO&M, 4" ed.,Chapterl.

Office of WaterProgramsCaliforniaStateUniversity, Sacramento,

"bleed" water from the systemwhen the pressures SmallWaterSystenD&M, 4" ed.,Chapterl

reachapointthatcouldresultin damageo thesystem.
Altitude valves- Thesevalvesare usedwhentwo or
more storagetanks are on the samemain line. An
altitudevalvewill isolatethe lower tanksandprevent
themfrom overflowingwhile theothertanksarefilling.
Pressuresustain/flowlimiting valves- Thesevalves
areusedo limit theamountof flow to acertainportion
of the systemwhen it dropsthe pressurein other
sectionsbelowa certainpoint.

Pump control valves- Thesevalvesare designedo
replace check valves on boosterpumps.They are
closedwhen the pump startsand open slowly to
minimizesurgesn thesystem.Theyalsoclosebefore
the pumpstops.

SURGE TANKS

Surgetanks act as pressurizedshock absorbersn the
system.Theydissipatahepressurepikescausedy water
hammer.Water hammeroccurswhenwavesof high/low
pressureoccur, usually by openingor closing valvestoo
fast. Waterhammercandamagepiping.

FIRE HYDRANTS

Fire hydrantsallow fire-fighting equipmento drawalarge
volume of waterfrom the systemquickly. They may also
beusedassamplingsites flushingstationsandventpoints
for filling drainedlines.

OPERATOR RESPONSIBILITIES

An operatoris the personwho is, in whole or part,
responsibldor the operationof a watersystemaAt times,
he/shemaybeamanageraboratorytechnicianmechanic,
meter reader,public relationsperson,troubleshooterpr
inspector.Becominga competentoperatorrequiresthe
developmentof many skills. To becomea competent
operatorone must have an interestin his/herwork, be
dependablebewilling to learn,andbewilling to assume
responsibilityandwork without supervision.

Eachwater utility represents largefinancial investment
in facilities and equipmentand improper operationand
maintenanceanquickly damageboth.Althoughmuchof

Basic Srupy QUESTIONS

1. Whatarethethreeresponsibilitie®f anypublic
watersupplier?

Whatarethreeexample®f publicwaterusage?
Whatarethemaincomponentsf awatersystem?

ApvaNceD Stuby QUESTIONS
1.Whichof thefollowing is notlikely to presenawater
gualityissuan agroundwatesystem?
A. Hardness
B. Turbidity
C.lron
D.Bacteria
2.Pealdaily consumptiommaybe?2.5timesthedaily
average.
A.True
B. False
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CHAPTER 2. SarFe DrINKING WATER AcCT

The FederalSafe Drinking Water Act (PL93-523) was
enactedn 1974andwentinto effectin 1976. Thepurpose
of theAct is to establismationalenforceablestandard$or
drinkingwaterquality andto guarante¢hatwatersuppliers
monitor water to ensurethat it meetsnationalstandards.
ThisAct establisheaitherthe maximumconcentratiorof
pollutantsallowedin, or the minimum treatmentrequired
for, water that is deliveredto the customers.These
substanceareknownto presentadversehealtheffectsto
humansPrior to the passagef PL93-523 standardsvere
setby the individual stateregulatoryagencies. Thémits
andenforcemenproceduresariedfrom stateto stateand,
in passingthe law, Congresshas attemptedto assure
uniformly safedrinking waterfor the generalpublic. The
SDWAwasamendedn 1986andagainin 1996.

Each state (or tribal government) exceptWyoming and
the District of Columbia, has primacy regardingthe
enforcementof the standards.The New Mexico
EnvironmentDepartmentis the enforcementagencyfor
New Mexico.All samplingandreporting,exceptfor nor
TribalandFederabystemsis handledhroughtheNMED.

PusLic WATER SYSTEMS

The regulationsestablishedn PL93-523 apply only to
public watersystemsA public watersystems anysystem
that containsl5 serviceconnectionsresidentialor serves
25 peopleregularly.Thesesystemareresponsibldor both
complyingwith thesaegulationsandreportingto thepublic
when any standardsare exceededPublic water systems
canincludeprivateschoolsjnterstatereststops stateparks,
andevenrestaurants.

PriMARY CONTAMINANTS

The SDWA identified a number of chemicalsand
microorganismshatarefoundin drinking watersupplies.
Becauseexcessiveamountsof someof thesesubstances

Primary Contaminants
(1) Inorganic Chemicals
(2) Organic Chemicals

(3) Radioactive Chemicals

(4) Waterbormme Bacteria

Table 2.1 - Primary Contaminants

havebeendeterminecdr anticipatedo causeadverséiealth
effectstheyarereferredio asprimarycontaminantsThese
substancegan be groupedinto four major categories:
Inorganic chemicals,organic chemicals,radioactive
chemicalsandwaterbornébacteria. (SeeTable2.1.)

Maxivum CoNTAMINANT LEVELS (MCL)
Themaximumamountof anyoneof thesesubstancethat
canbe allowedin water,accordingto the regulations,is
known as the maximumcontaminantevel (MCL). The
MCLs for thesechemicalsandcompoundsresetatlevels
that are consideredto be many times less than the
concentrationghat are known, or anticipatedto cause
adversehealtheffects.

INorRGANIC CONTAMINANTS

Thesecontaminantsare mostly heavy metals.They may
enter the water supply naturally through ground water
formationsor from mining runoff andindustrialdischarges.
TheMCL for eachchemicalis listed Table2.2.

L eAap AND CoPPERRULE

A representativsamplingsurveymustbe conductedor
leadandcopperthat may beresent athe customers' tap.
Most of the lead and copperfound this way comesfrom
the customersplumbing. The systemwill be responsible
for treatingthe waterto stabilizethe corrosivequalities
thatcausetheleechingof leadandcopperfrom plumbing.
Samplingfor leadandcopperrequiregakinga"first draw"
samplefrom acustomer'sap,afterwaterhasbeenstanding
in the plumbingfor atleast6 hoursbut no longerthan18
hours If the90thpercentileesultsexceedheactionlevels
for eithermetal,the systenmusttakestepso stabilizethe
systemwaterthroughchemicaladditionof lime or another
formof alkalinity.

NITRATES

Nitratesarethe only chemicalcontaminanthatrepresent
an immediatehealthrisk. Pregnantmothersand infants
under18 monthscandevelopa conditionknownas"Blue
Baby Syndrome". The presenceof nitratesin the
bloodstreanreducesoxygenuptakethat givesthe skin a
bluetint.

FLUORIDE

Fluorideis addedo waterto helppreventoothdecayThe
optimumdosagdor fluoride is 0.8-1.2 mg/Il. However,at
higher concentrationsfluoride can createstainson teeth

and lead to brittle bones in older individuals. The average

ambientair temperaturéor thesystenis usedo determine
theoptimumdosagédor fluoride.
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Inorganic Contaminant MCL (mg/l)

Antimony 0.006

Arsenic 0.03

Barium 2.0

Beryllium 0.004

Cadmium 0.005

Chromium 0.1

Cyanide 0.2

Mercury 0.002

Nickel 0.1

Selenium 0.05

Thallium 0.002

Copper 1.3* Action level

Lead 0.015* Action level

Nitrates (as N) 10.0

Total Nitrate & Nitrite (as N) 10

Nitrite (as N) 1.0

Fluoride 2.0 Public Notice
4.0 Violation

Turbidity 1 NTU (single occurrence)
3NTU (< 5% of samples)

Asbestos 7,000,000 Fibers/L

Table 2.2 - Inorganic Contaminants

TurBIDITY

ORrcANIC CONTAMINANTS
Thesecontaminantsinclude herbicidesand
insecticideshatareprimarily usedn agriculture
applicationsprganicsolventausedn industrial
applicationsprganicby-productsof industrial
processesand chemical by-productsfrom
chlorination of drinking water. Runoff from
agricultural sprayingor improper application
techniguescan be a major sourceof these
contaminantsin a surface water supply.
Industrial discharges,accidentalspills and
improperdisposabf hazardousvastesanalso
becomesourcef contamination.

Thesecompoundsaregroupedtogetherunder
the headingsof Volatile Organic Compounds
or VOC's and SyntheticOrganic Compounds
or SOC's.There are currently 21 regulated
VOC's and 30 SOC'sthat must be analyzed.
Someof the VOC'sarelistedin Table2.3.

RapioACTIVE  CONTAMINANTS
Mostradioactivesubstancesccurnaturallyin
ground water and in somesurfacesupplies.
Somemanmade substancesnay also enter
drinkingwatersuppliesrom processindgacilities,
mining areasand nuclearpower plants.(See
Table2.4.)

Turbidity is clay, silt or mud in the water.

Althoughturbidity doesnot represent health
risk by itself, it canshieldharmfulbacterigrom

disinfection processesTurbidity is measured
in Nephelometridurbidity Units (NTU).The

device usedto measureNTU's is called a

nephelometeor turbidimeter.

Radioactive Contaminant MCL (pCifl)
Radium 226 and 228 5
Gross Alpha Activity 15

Gross Beta Activity (man-made)

4 millirem /yr

Organic Contaminant MCL (mg/T)
Benzene 0.005
Vinyl Chloride 0.002
Carbon Tetrachloride 0.005
Styrene 0.1

Total Trihalomethanes (TTHM) 0.1

Table 2.3- Organic Contaminants
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Table 2.4 - Radioactive Contaminants

BAcTERIOLOGICAL  CONTAMINANTS

The coliform group of bacteriarepresentghe indicator
organisms used in determining bacteriological
contaminationTheir presencéndicateshe possibilitythat
somepathogeniddiseasecausinglorganismsnayalsobe
presentThe MCL is exceededvhen 5% of the required
monthly routine (M/R) samplesindicate the presenceof

Coliform bacteriaThepresencef coliformin anysample
will requirethreerepeatsamplesbe taken.Theserepeat
samplesnustbetakenwithin 24 hrsof notificationof positive
results.



The regulationsstate that, when repeatsare required,a
minimum of five (5) samplesare now requiredfor the
month. This meansthat any small systemthat would
normallyonly takeonesamplegpermonth,will haveto take

required Whenevecompliancesamplesresubmittedt is
importantto maintaina "chain of custody"thatidentifies
who handledhe samplefrom thetime it wastakenuntil it
was tested.

four (4) repeats when they get a positive test result. If any

systemhasto take repeatsamples,t must also take a
minimumof five (5) samples théollowing month.

SecoNDARY CONTAMINANTS

Thereare certainsubstances waterthat, althoughthey

donotpresenserioushealthhazardsgcancauséemporary
physicaldiscomfortandmakethewaterunsuitableor use.

Each statemay determinewhich of thesestandardsare

includedin theirregulationsChloridescanmakethewater

tastesalty. Thisis alsoknownasbrackishwater.Sulphates
can causeminor gastreintestinal problems.Iron and

manganeseanresultin red or blackwaterproblemsThe

pH of the treatedwater can also createsomedigestive
problemsf it is veryhighorverylow. Recommendelgvels

for secondargontaminantgre:

M ONITORING AND REPORTING

The public water systemsare responsibl€or monitoring

their waterquality andreportingviolations of the SDWA

standardgo the public. The New Mexico Environment
Departments currentlycollectingandsubmittingsamples
tothelaboratoryfor all publicwatersupplies.Theprogram
is fundedthrougha "Water ConservatiorFee"of 3 cents
per 1000 gallons paid by each system.However, the

systemswill still be responsibléor the resultsof testing
andany public notificationthatmay be required.Systems
mustretaincopiesof chemicaknalysigecordgor 10years
andbacteriologicatestsresultsfor 5 years.

SAMPLING SCHEDULES

Samplesusedin testing for chemicaland biological
contaminantsnustbe collectedperiodically. Sampledor
inorganicchemicalanalysismustbe submittedonceevery
year for surfacesuppliesand onceevery threeyearsfor
groundwater supplies.Samplingfor organiccompounds
is donequarterlyfor theinitial setof samplesSurfacewater
plants must also collect four TTHM samplesquarterly
duringthisinitial period.After that,samplesarecollected
yearly for surfacewaterandeverythreeyearsfor ground
wateraslong asno VOC's or SOC'saredetected!f they
are found, the source(well or surfacesupply) must be
sampledevery quarter. Radiological samplesare taken
everyfour years.Underthe new Standardized/onitoring
Rule,mostchemicalcontaminantsaremonitoredn acycle
of 3/6/9years Eachthree(3) yearperiodis referredto asa
complianceperiod. Bacteriologicalsampling schedules
vary from stateto state.A minimum of one sampleper
monthis normallyrequiredfor thesmallessystemsAs the
populationservedncreasesodoeshenumberof samples

BACTERIOLOGICAL  VIOLATIONS
WhenapositiveBAC-T samplés reportedepeasamples
arerequiredIf therepeatcomebacknegative therés no
violation. If more than 5% of the monthly samplesare
positivefor Total Coliform (TC), including repeatsthere
is a nonracuteviolation that requirespublic notification.
This meansthat any systemtaking lessthan 40 samples
permonthcanonly havel total coliform positive sample
permonth.

If amonthlyroutinesamplds positivefor TC andfor fecal

or E. Coli; and any repeat is positive for TC, OR if any of
the repeatsare positive for fecal coliform, or E. Coli, an
acuteviolation has occurrGed that requiresnatification
throughthe electronicmedia. This sometimedriggersa
"Boil Order"advisory.

PusLic NoTIFICATION

Thewatersystenwill berequiredto notify the public any
time maximum contaminantlevels are exceededThese
violationsof the standardgall into two categoriesacute
violationsandnonacuteviolations.

A nonacuteviolation occurswhenanMCL is exceededbut
thesituationdoesnot presenainimmediatehealthrisk to the
public.In thiscasenotificationmustbeplacedon, or with the
billing noticewithin 45 daysandmustrunin the newspaper
within 14 days.In addition,all new customersnustbe sent
noticeof violationswhentheyconnecto thesystem.

Acute violations are violations that could resultin an

immediatedangeto the public healthandthereforerequire
immediatenotificationthroughtelevisionandradiostations
within 72 hours.Thisis in additionto thenewspapeand/or
billing notifications. Publicnotificationmustcontinueuntil

theproblemis correctedNotification mustalsobegivento

theNMED within 48 hoursanytimeasystenfailstocomply
with theNM Drinking WaterRegulations.

AcTiON PLANS FOR VIOLATIONS

If awatersupplyexceedshe primary standardshe water
systemmusteither provideadequatdreatmento remove
thecontaminantsrlocateanewsourceof supplythatmeets
theserequirements.

V ARIANCES AND EXEMPTIONS

A systemthatis foundto exceedthe MCL for a primary
contaminantmay not be ableto correctthe problemfor
financial or technical reasons. Dependingon the

2-3



circumstancesthe systemmay be granteda varianceor
exemption.Thefactthatavarianceor exemptiorhasbeen
granteddoesnot meanthatthesystemis nolongerrequired
to notify the public of the problem.Notification must
continueon a monthly basisuntil the systemmeetsthe
standard

Variances

A variancemaybegrantedo awatersystenwhenits supply

is foundto exceednaximumstandardsindno technology
is availableto economicallyremovethesecontaminants.
Variancesmay be extendedat the discretionof the state

regulatoryagencyif no treatmentmethodsare made

availableduringthe periodthevarianceis granted.

Exemptions
When a systemis unableto financially provide the

necessarytreatmentto reduce contaminantlevels to
acceptabldéimits, anexemptiorcanbegrantedo thewater
systemExemptionsaregrantedby stateregulatoryagencies
only in caseswherea serioushealthhazards not present.

OTHER NEW REGULATIONS
Thel1986amendmentto the SDWA includeda numberof
new rules regardingtreatmentand operationsof public
water supplies. The major changesare identified below
with a brief descriptionof therule andits implications.

SurRrFACE WATER RULE

Any systenthatusessurfacewvatermustprovidetreatment
of the supply. The minimumacceptabldevel of treatment
is filtration anddisinfection. Infiltration galleriesmaynow
be consideredsurface supplies becausethey are
groundwatetthatis underthe influenceof surfacewater.
The concernsabout contaminationby Giardia and
Cryptosporidiunbacterishavecreatedhe needfor higher
free chlorine residualsand longer disinfection contact
times.

The"CT" calculationis usedto determinethe necessary
contacttime at any given concentrationTheformulais C
x T = A, whereC is the chlorine concentration] is the
contacttime in minutes,and A is a temperaturédbased
constantRemovalof Cryptosporidiunis basecna3-log
reductionof the numbersfound in raw water. A 3-log
removal or deactivationwould meanthat 0.1% of the
bacteriamay survive or 99.9% were removed.A 4- log
removal or deactivationwould meanthat 0.01% of the
organismsmaysurviveor 99.99%wereremoved

DisINFECTION AND DisSINFECTION By-ProbucTsRuULE
SystemghatusechlorinationmaycreatelT THMs andhalo
aceticacids(HA, ) asaby-productof disinfection. If the

creationof theseby-productscauseghe systenmto exceed
theMCL for Total TTHMs (0.1 mg/l or L00ppb),thesystem
will be requiredto changeto a different meansof

disinfection.Total chlorineresidualsare alsolimited to a

maximumof 4.0mg/l. TheStagel & Stage2 D-DBPrules
applyto CommunityWaterSystemsndNon-TransientNon-

CommunityWaterSystemgasdefinedin SDQA) thatadd
adisinfectantto the drinking waterduring any partof the
treatmenprocess.The Statel D-DPB rule alsoappliesto

TransienNon-Communitywatersystemshatusechlorine
dioxide.

Refeences:

Office of WaterProgramsCaliforniaStateUniversity,Sacramento,
Water TreatmenPlant Operatia, Volume2, 4'"ed.,1999,
Chapte22

SafeDrinking WaterAct

NMED Drinking WaterRegulations

Basic Stuby QUESTIONS

1. Whatis anMCL?

2. Whyisturbidity aPrimaryContaminant?

3. Whatis anephelometer?

4. How muchis the"Water ConservatiorFee"?

5. Howlongmustbacteriologicahndchemicakampling

resultsbe kept?

Basic SampLE TEsT QUESTIONS
1. A public water systemis any systemthat servesa
populationgreaterthanor equalto:
A. 25
B. 50
C. 100
2. Whatisthemaximumtotal chlorineresiduakllowedby
the DisinfectantDisinfectionBy-ProductRule?
A. 2mg/l
B. 4mgl/l
C. 6mg/l
D. 8mgl/l
3. Whattypeof contaminantsiron?
A. Primarylnorganic
B. PrimaryOrganic
C. Secondary
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4. Which Primary Contaminants sometimesaddedto 9. How manybacteriologicasamplesnustbetaken

watersuppliesto preventtooth decay? everymonthbeforea systemis allowedto have
A. lron TWO positivesamplesvithoutviolatingthedrinking
B. Arsenic water standard?
C. Fluoride A. 10
D. Mercury B. 20
C. 40
5. Thefailure of apublicwatersystento complywith the D. 60

NM Drinking WaterRegulationsmustbe reportedto
NMED within:

A. 12Hours

B. 48Hours

C. 4 Days

D. Oneweek

AbvANCED Stuby QUESTIONS

1. Which Primary inorganic contaminantposesan
immediatenealthrisk?

2. WhenyougetapositiveTotal Coliform sampleresult,
whatis the minimumnumberof retakegequired?

3. Whataretheactionlevelsfor leadandcopper? i*?;gﬁ

4. If bacteriologicaretakesaredonethis month,whatis

the minimumnumbersof sampleghatmustbeturned ? '

' ?

in nextmonth? A ;&
i

5. If a3-log removalis requiredfor Giardia Lamblia, f / Ta{j

what percentag®f organismscansurvive andstill A
meetthe requirement? @%
ADVANCED SampPLE Stupy QUESTIONS M 5
1. TheMCL for Total Trihalomethaneis: Vot W Y
A. 0.08mgl/l
B. 0.1mg/l

C. 0.2mgl/l
D. 2.0mg/l

2. SDWAsamplingresultsmustbereportedo:
A. New Mexico WaterAssociation
B. AmericanWaterWorksAssociation
C. NewMexico EnvironmentDepartment

3. Groundwatesystemsnustsamplefor inorganic
chemicalsevery:

Month

Day

Year

Threeyears

oo0w>

4. The SDWA ComplianceCyclefor the Standardized
Monitoring Rule consistsof three:

Years

CompliancePeriods

Quarters

Months

oow>
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CHAPTER 3: INTRODUCTION TO DRINKING WATER SYSTEMS

WHAT 1s WATER?
Wateris themostabundanandcommommaterialonearth.
It covers70% of the surfaceof the earthaswaterandice.

Life Bl

Wateris thelife blood of the univerself we werewithout
watertherecould be no life. Our bodiesare 70% water.
Without drinking water for four to sevendaysour blood
becomesghick andcontainsa high concentratiorof toxic
waste materials.We becomedelirious and unableto
function.Deathis notfar behind.

Other Plapnets

As far aswe know, earthis the only
planetin thesolarsystenthatcontainsvater.Othershave
ice,butonly earthhasthismiraculoudife blood.

Universal Solvent
Wateris oftencalledthe"universal'solvent.Givenenough

timeit will dissolvealmosteverythinghatit comesn contact
with. Thus,it is effectivein carryingfoodthroughourbodies
to theindividual cellsandcarryingawaythe cell waste.

DissolvesMinerals

As waterflows throughthe gravels fissuresandsandsn

the earth'scrustand flows over the top of the groundit

picksup mineralsmicroorganisms dirt andbits of plants.
Someof thesematerialsarecarriedalongby thewaterdue
to its speed Others,suchasmineralsaredissolvedin the
water.

Gases

Water like manyotherfluids, alsohastheability to dissolve
gasessuchasoxygen(02) andcarbondioxide (CO2).The
oxygenin the waterallows fish and otheraquaticlife? to
live in thewater.Withoutoxygenfish, like humanswould
die. Thegills of thefish allowit tofilter thisdissolvedxygen
directly from thewater.

WATER AsA CHEMICAL

TheWater Molecule

Thewatermoleculé is composedf oneatomof oxygen
andtwo atomsof hydrogen.This moleculeis given the
chemicalsymbolH20 (H2 for two hydrogeratomsandO
for oneoxygenatom).The chemicalsymbolis readas"H
two O."

‘Tﬂ ".'-"’u“’ﬂtﬂ*l

AR

Figure 3.1- TheWo r |Whiirs
Like a Battery
Notice thatthe two hydrogenatomsare at oneendof the
molecule. The hydrogenatomsare positively charged.
Whenthey attachthemselvedo the oxygenmoleculethe
whole moleculeeffectivelybecomegpolarizedwith negative
andpositivepoles,muchlike abattery Becausét hasboth
negativeand positive chargesjt is much easierfor it to
attractother material. This is one of the reasonst is the
"universalsolvent.

Statesof Water
Water has another

uniqueproperty;it is the
only materialthatis found
onearthin thethreebasic
states at standard
temperatures. These
statesare solid (ice),
liquid (water) and gas
(water vapor).

0--

©ACRP
Figure 3.2- WaterMolecule

1 Microorganisms - Minute organismseitherplantor animal,invisible or barelyvisible ot thenakedeye.

2 Aquatic Life - All formsof plantandanimallife thatlive in water.
3 Molecule - Thesmallestivisionthata substanceanbe brokendownto without separatingts individual atoms.
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Moleculesin Motion

The water molecule,like other molecules,is in constant
motion. The rate of this motion is directly relatedto the

temperaturef thewater.lt movesslowestwhenthewater
isin theform of ice, andfastestwhenthewateris avapor.

Density of Water

As thetemperaturés reducedherateof movemenslows.
As this happensthe moleculesget closer and closer
together.At 4°C they are as close togetheras they are
ever going to be. This increaseswater'sdensityto its

maximum. Thevolumethata setamountof wateroccupies
isataminimumatthis point. Below4°Cthemoleculesare
movingsoslowthattheir electricalchargeseginto cause
themoleculego line upin apatternandform crystals.

Expands When it Freezes

At 0°Cthecrystalsarefully formed.Thisformationallows

the moleculesto line up in a way so that they occupya

greaterspacehantheydid beforethetemperatureeached
0°C. Thisexpansioris whatcausesvaterto breaka bottle

or pipe when it is frozen. Water is one of the few

compoundshat expandsvhenit freezesThis causesce

to belighter thanthe samevolume of waterandtherefore
it floatsin water.

Water and Heat

The amountof heatit takesto causethe temperatureof

water to change is used as the basic measureyhbaat.
In the English systemthis heatis referredto asa BTU

(British ThermalUnit). OneBTU is definedastheamount
of heatrequiredto raisethe temperatureof one poundof

water one degree Fahrenheft. In the S| (System
International- also called the metric system)the unit of

heatis the calorie.Onecalorieis definedasthe amountof

heatrequiredto raise one gram of water one degree
Celsius.

DisTriBUTION OF WATER ON EARTH

The Study of Water

Thestudyof water its location,use guantityandoccurrence
is calledhydrology. Thisnextsectionis abriefdiscussion
of the typesof watersourcesthe distributionof waterin

thosesourcesindsomeof theusesof water.Thisis asmall
portionof hydrology.

DEFINITION BY SOURCES
The sourcesof water on the earthare divided into two
categoriessurfacewater and groundwatet

Surface Water

Surfacewateris waterthatis foundin the oceans)akes,
streams,springs,and muskegponds. Surfacewater is
exposedto the atmosphergandis affectedby ambient®
conditions.This is the sourceof drinking waterfor some
of ourlargesttommunities.

Groundwater
Groundwateris all the water below the earth'ssurface.

However from a waterworksstandpoinive only consider
the waterbetweerthe surfaceand 2500feet down. Water

below this depthis too hot and expensiveto be usable.
Groundwatemay alsoincludesprings.Yes, springswere

includedin the surfacewaterdescription.Thatis because
theycanbeeither.

70% of Earth is Water
Seventypercentof the earths surfaceis coveredwith

water. The total volume of water on the earthis
approximatel\805.79million cubicmiles.Of this,296million
cubicmilesarein theoceansleavingonly 9.79million cubic
miles of freshwater.

4 Density - Theweightperunit volumeof asubstance.

5 Fahrenheit - Relatingto anEnglishthermometescalewith theboiling pointat212degreesndthefreezingpointat32degrees.
6 Celsius- Relatingto athermometescaleusedin the metric systemon which thefreezingpoint of wateris 0 degreesndthe

boiling pointis 100degrees.

Hydrology - Theappliedsciencepertainingto propertiesdistribution,andbehaviorof water.

8 Groundwater - Subsurfacevateroccupyingasaturatedjeologicaformationfrom whichwellsandspringsarefed.

9 Atmosphere- The gasses that surroutide earth.
10 Ambient - Thesurroundingatmosphere.
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of plantsandthe sun.In orderto understandhis process

HybroLocic CycLE
letsfollow thecycle.

The hydrologic cyclétis the key to our supply of fresh
water.The cycleis madeup of four key components. o
A The atmosphere Erecipitation . .
A The lithospheré- the crustof the earth You couIdstart.the.cycleany_wherebecagset is continuous
A The hydrospheré- the wateron the earth andhasno beginningor ending.Soletspickupadropletof

AThe sun - the energy sourceusedto drive the precipitationandfollow it throughthecycle.Precipitatiof
hydrologiccycle in theform of rain, snowor sleetfalls towardsthe earth.

Available Water Supply Eall Toward Earth

Theamounbf wateravailablein theatmospherdithosphere As the precipitationfalls toward the earthit can pickup
and hydrosphergemainsconstantlt wasformedduring contamination in the form ahinerals and toxic materials
the creationof the earth.Therewill neverbeanymoreor from industrialair pollution andnaturalpollution suchas
anylessthanthereis today.Thiswateris continuallyrecycled dustfrom a volcaniceruption.Onits fall towardthe earth
betweerthelithosphereandthe atmospherdy theaction someof the precipitationevaporates.

PRECIPITATION

j/

|

\

TRANSPIRATION -
STORAGE

INFILTRATION

PERCOLATION

"y"

EVAPORATION

Figure 3.3- The Hydrologic Cycle

11 Hydrologic Cycle - Nature'smethodof continuouslyrecyclingthe earth'senewablevatersupply,betweerthe earthand
atmospheremnakingit possibleto usethis wateroverandoveragain.
12 ithosphere - Thesolid crustof theearth. It consistof thethin, looselayerknownassoil andthe massof hardrock, several
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milesin thicknessuponwhich soil lies.
¥ Hydrosphere- All of thewaterontheearth.
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Evaporation
Theamounbf evaporations dependentponseverafactors.

Among themare the humidity’s, air temperatureand the
amounbf wind. Thereis asignificantamounif precipitation
thatis recycledbackto theatmospherbeforeit everstrikes
theground.

Hits the Forest
Someof the precipitationhits the forest canopy’, brush

and grass.Someof the precipitationevaporateslirectly
from the leavesof the canopy.

Hits the Groun

Somewaterflows down the outsideof the treesontothe
ground, and some strikesthe grounddirectly. As water
accumulatesnthegroundit runsdownhill. Thismovement
is referredto asoverlandflow?,

Elow Along the Surface

As the water moves along the surfaceit picks up
contaminationin the form of organié® materialsuchas,
bits of leavesmicroorganismsuchasbacteri&, viruseg?,
and protozo&?, and inorganié matter suchas silt, clay,
mineralsandvolcanicash.

rface Water
Theoverlandflow accumulatedn lakes,streamsmuskeg
pondsandrivers. Most riverswill eventuallyrun into the
ocean.Thesesourcesare referredto as surfacewater.A
largequantityof thewaterthatformssurfacewaterwill be
evaporatedbackinto theatmospherdn factin mostof the
world thisis thelargestsinglelossof surfacewater.

Groundwater

Someof thewaterthatis runningalongthe earth'ssurface
seepsdnto the soil. This processs calledinfiltration®. As
thewaterinfiltratesthe soilandmovesdownwardsomeis

takenup by therootsof treesandotherplants.The water
thatis takenin by plantsmovesupwardandis given off
into the atmospherghroughthe leavesof the plantsin a
processalledtranspiratiofp.

This moisturemixeswith the moisturethatis evaporated
from surfacewatersand from the plants.This combined
processs referredto asevapotranspiratich

Groundwater Movement
The water not taken up by plants continuesto move

downwardin a processcalled percolatio’. This water
continuego movedownwarduntil it collectsin gravelsand
sandscalledaquiferg®. Therethewatercontinuego slowly
movetowardsadjacentakes,streamsandtheocearwhere
it collectswith the surfacewaterandis evaporatedack
into theatmosphere.

Springs

Sometimein the past,changesn the earth'scrustleft the
edgeof an aquifer exposedto the surface.Where this
happensthe groundwatersupply exits the hillside or
mountainin whatis referredto asa spring.Fromthereit
runsalongthe surfaceandmixeswith surfacewater.

Back he Atmospher
As you canseeboththegroundwateandthesurfacewater

eventuallymix andareevaporatethackinto theatmosphere
and form water vapor. This vapor is condensedby
atmosphericonditionsandformsprecipitatiorwhichfalls
to thegroundandthecycleis continued providinguswith
cleanfreshwaterfor our watersystems.

14 Precipitation - The processy which atmospherienoistureis dischargeantothe earth'scrust. Precipitationtakesthe form of

rain,snow,hail, andsleet.

®Evaporate - Theproces®f conversiorof liquid waterto watervapor.

16 Humidity - Theamountofwatervaporin theair.

17 Forest Canopy - The enclosuremdkeby the treesin a forest. The canopycanblock all or mostof the light from the forest

floor.

18 Qverland flow - Themovemenbf wateron andjustundertheearth'scrust.

19 Organic - Chemicalsubstancesf animalor vegetablerigin, usuallycontainingcarbon.

20Bacteria - Living organismsmicroscopicin size,which consistof a singlecell. Most bacteriautilize organicmatterfor
their food and producewasteproductsasthe resultof their life processes.

2lViruses - A submicroscopiorganismwhich passeshroughfilters capableof removingbacteria.

22 protozoa- A small,onecelledanimalincluding,butnotlimited to, amoebasgiliates,andflagellates.

23|norganic - Chemicakubstancesf mineralorigin, notusuallycontainingcarbon.

24|nfiltration - Theinitial movemenbf waterfrom theearthsurfacento thesoil.

25Transpiration - Theprocesdy whichwatervaporis lostto theatmospherérom living plants.

26 Evapotranspiration - Thecombinedvaporizatiorof waterfrom surfacegndplants.

27 Percolation - Movementof waterinto andthroughthe ground.

3-5



28 Aquifer - A porouswaterbearinggeologicformation.
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DisTriBUTION OFWATER

Total Supply

The total supply of all water
in theworld is approximately
305.79million cubicmiles.Of

this total supply 296 million

cubic milesarein the worlds
oceans.This leaves 9.79
million cubicmilesor 3.2%of

all waterin theworld asfresh
water.

Distributi
Water

74.7%0f the9.79million cubic
milesof freshwateris tied up
in the polar ice caps, soil

n__of Fresh

FRESH WATER

o

FRESH WATER DISTRIBUTION
3.2% of all water

-4 SURFACE WATER (0.3%)

-4 POLAR ICE CAPS, SOIL, ATMOSPHERE (74.7%)

-{ GOUNDWATER (25%)

ACE

pr

Figure 3.4- FreshWater

moisture and atmosphere.
25%of thisfreshwateris in thegroundwatesupply leaving

0.3%of the freshwaterin the

Usable Fresh Water

Thetotal groundwatesupplyis estimatedat
2.42million cubicmiles.Only 44%of this,or
1.06million cubicmiles,is usableThatis, it is
lessthen 2,500feet below the surface.The
lakesandriversrepresenf.03million cubic
milesof freshwater.This givesatotal of 1.09
million cubicmilesof usabldreshwater.

Division of Fresh Water

Of theusabldreshwater,97%or 1.06million
cubicmilesisin thegroundwatesupplyand
only 0.3%is in the surfacewatersupply.

lakesandstreams.

=i

FRESH WATER

USABLE FRESH WATER

1.09 million cubic miles

—~= USABLE SURFACE WATER (3%)

{ USABLE GROUNDWATER (97%)

T
w1

Figure 3.5- UseableFresh Water

Table 3.1- Location of the Worlds Fresh Water

%
74.60
0.06
0.035
14.00
11.00
0.30
0.03

Location by Per Cent of the Worlds Fresh \Water

L ocaTioN
Polarice caps
Soilmoisture
Atmosphere

Groundwatebetweer?,500and12,500feet
GroundwatebetweerQ and2,500feet

Lakes
Streams& Rivers

MiLLion Cusic MILES
7.33

0.00587

0.00342

1.36

1.06

0.029

0.00293




DISTRIBUTION BY SYSTEM

Within the continentalUnited States77.3%of the
public water systemausegroundwaterand 18% of
the systemausesurfacewater.4.7%of the systems
in the US usea combinationof surfacewaterand
groundwater.

DisTRIBUTION BY POPULATION

Within the continentalUnited States68% of the
populationis servedoy surfacewatersuppliersvhile
only 32% of the populationrelies on groundwater
supplies.

WHy THE DIFFERENCE ?

SystemlLocation

Thereareseveraleasongor thedifferencebetween
the number of surfacewater suppliersand the
numberof peopleobtainingtheirdrinkingwaterfrom
surfacewater suppliers.First, in the continental
UnitedStates37 of the100largesicommunities
usesurfacewater.Thisis becausehe majority

of thesecommunitiesare built nextto surface
watersourcesincludingtenthatarebuilt next

to the GreatLakes.In the West, communities
suchasLos Angeles,SanFrancisco,Portland
andSeattleall utilize surfacewater.

Water Availabili

Secondalargeportionof thiscountryis without
anysurfacewatersource Finally, therearefew
ground water supplieswhich can provide
sufficientwaterfor alargecommunity.

References
ACR Publications, Inc., Skeet Arasmith,
Introductionto SmallWaterSystemsChapterl

WATER DISTRIBUTION
BY SYSTEM TYPE
(1.5.)

- SURFACE WATER (5%)

- GOUNDWATER (95%)

Figure 3.6 - WaterDistribution by System

WATER DISTRIBUTION
BY POPULATION
(U.5.)

—=  GOUNDWATER (32%) |

—= SIURFACE WATER (68%) |

Figure 3.7 - Water Distribution by Population (U.S.)

Basic & Apvancep Stuby QUESTIONS
1. Wateris calledthe solvent.

2. Whatarethetwo sourcesf water?

3. Whatis theword usedto identify waterthatis safe

todrink?
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Water cyclesfrom the atmospherdo the earthand
backto the atmosphereWhat is this naturalwater
cyclecalled?

As a partof the normalwatercycle wateris lost, or
givenup, to theatmospherdy treesandby
evaporatiorfrom the surfaceof streams|akes,and
oceans. This combinediossis called



CHAPTER 4: WATER SAMPLING

New Mexico WATER CoNserRvATION FEE

The NM Water ConservationFee of 3 centsper 1000

gallonsis collectedfrom eachpublic watersystenin order
to fund samplecollectionandtestingfor inorganic,organic,
and radiological contaminants.The fee also covers
bacteriologicatesting.Thismeanghatmostwatersystems
are only responsible for collection of monthly

bacteriological(microbiological) samplesin order to

comply with SDWA monitoring schedules.

W ATERBORNE PATHOGENS

Watersystemsnuststriveto keeptheir drinking waterfree
of pathogeng(diseasecausingbacteria).They can be
transportecatitherby wateror physicalcontact Peoplethat
havecontractedhesediseasegarecalledcarriers. Without
propemedicalattentionandtreatmentindividualscanstill
transmitthediseaseventhoughtheynolongerhaveanyof
the symptoms.Thereare five waterbornepathogenghat
canbe foundin all water suppliesandtwo that are only
foundin surfacewatersuppliesThebacteriaghatarefound
only in surfacewater suppliesform cystsandsporeshat
protectthem from cold temperaturesBecauseof this
protection, they are much more difficult to kill with
disinfectantchemicals.

WATERBORNE DISEASES

All Water Supplies:
ATyphoid
A Paratyphoid TypesA & B)
A Cholera
A Dysentery
A Hepatitis

Surface Water Only:
A Cryptosporidium

AGiardia

All of thesediseasesare causedby pathogenichacteria
excepthepatitis,which is a virus. It is very difficult to
identify anyoneparticularpathogerby laboratorytesting.
Tomaketestingmorereliableandeconomicalthelabtests
aredesignedo identify a largefamily of bacteriathatare
related to the diseasecausingbacteria, rather than
identifying eachtype of pathogen.

Figure 4.1- WaterborneDiseases
Reprinted with permissionfrom Operationof WastewateilreatmentPlants
Vol. I, 2" ed.,Office of WaterPrograms(California StateUniversity,
Sacramentd-oundation

CoLiForm GRouP OF BACTERIA

Coliform bacteriaareentericbacteriaThis meanghatthey
arefoundin theintestinaltract of warm-bloodedanimals,
including humans.Thesebacteria,known as E. Coli in
humans,do not causediseasebut are necessaryor the
digestionof food. The waterbornepathogensare also
enteric bacteriaand are part of the coliform family.
Therefore,if coliform bacteriaare presentin the water
supply, pathogensmay also be present.The coliform
bacterialive longerin water and are easierto detectby
laboratorytesting.This is the reasonthe coliform group
hasbeenchosemasthe indicatororganismfor waterborne
pathogendf coliform bacteriaarenotpresentt is assumed
thereareno pathogengpresent.

Thecoliformfamily hasbeerdividedinto two groupsResults
maycomebackastotal coliform positiveor fecal coliform
positive. Total coliform positive meansthat no human
coliform arepresentFecalcoliform positiveindicateshe
presencef E. Coli, whichmeanghereis agreaterchance
of pathogensbeing present.The laboratorytestsfor
coliform include the MPN method,the MembraneFilter
test,andthe Colilert test.

SAMPLING SCHEDULES AND T ECHNIQUES

It is the responsibilityof the systemto collectsampledor

bacteriological("Bac T") testing.lt is very importantto

make sure samplesare collected, testedand reported
properly.If a samplebecomescontaminatediueto poor
samplingproceduresgr is not sentto thetestingfacility at
the propertime, thesystenmaytechnicallybein violation

of SDWA standardsThis mayresultin the systemhaving
to notify thepublic of violationswhenthewateris actually
safe.

SAMPLING SCHEDULES

The federal regulationsregarding"Bac T" sampling
schedulesset the minimum numberof samplesa water
systemmust submitat one per month.As the size of the
systemincreasesodoesthe minimumnumberof samples
required each month. Thesesampleresults,and any
necessarye-takes,mustbe reportedto the NMED by the
endof eachcalendamonth.

The samplingpoints should be identified by a sampling
plan that samplesare takenfrom all major partsof the

systemnto assurghattheentiresystermis representedsmall

systemsanusthaveat leasttwo samplesitesin the system.
Onepoint wherewaterentersthe distributionsystemand

anothemtacustomesfaucet.Sampleshouldalsobetaken

at regularintervals during the month. Even the best
samplingplancanonly indicatethatthesystenmwassafeat

thetimeit wassampledandonly atthesiteswheresamples
where taken.
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SAMPLING T ECHNIQUES

Thefirst consideratiorin collectinga"BacT" sampldsthe
samplebottle. Thesebottlesareprovidedby theNewMexico
EnvironmenDepartmentTheyaresterilizedprior to being
sentto the systemsThey shouldbe storedin a cool, dry
placeuntil theyareneededor asample Sodiumthiosulphate
is addedo thebottlebeforeit is sterilized Its presencenay
beindicatedby atraceof white powderin thebottomof the
bottle. Thepurposef thesodiumthiosulphateés to neutralize
anychlorinethatmaykill anybacterighatarein thesample.

Two thingsto remembewhenusingsamplebottles:

I. Neverwashoutabottleor evenopenit until you
arereadyto takethesample.

2.If asamplebottle hasanydirt or junkin it orin
thelid, don'tuseit. It's betterto getanewbottle
thanto takeabadsample.

Once the pre-sterilized bottles are obtained,the next
considerationis the actualcollection of the sample.The
procedurdor collectingthe sampleis givenbelow. These
instructions should be carefully followed to prevent
accidentatontaminatiorof the sample.

|. Selecta sampling point. Always keepsanitary
conditionsin mind when selectinga sampling
point. Never use a kitchen sink faucetor an
outdoor faucetthat drips. Any hoses,vacuum
breakersor other attachmentsnust also be
removed.Therule of thumbis to selecta faucet
thatis usedtheleast.

2. Flush the line. Openthetap andlet the water
run for severalminutes.This will insurethat
the waterbeingsampleds from the mainand
notfrom the customer'plumbing.

3. Collect the sample Removethe cap, making
surethatyou do nottouchtheinsideof thecap
or thetop of the samplebottle. Don't aeratehe
sampleor allow it to splashon the outsideof
thebottle.Fill thebottlecarefullyto theshoulder
of the bottle. This guaranteeshat thereis at
least100ml of samplein the bottle. Do not fill
it all theway.An air bubbleis neededo stir the
samplebeforeit is testedat the lab. Neverset
thecapdownor leaveit off longerthanit takes
to collect the sample.Mark the bottlesfor
identification. The samplesshould then be
placedunderrefrigerationuntil tested.

REPORTING AND SHIPPING CONSIDERATIONS
Thefinal consideratiorior "Bac T" samplingis the proper

completionof the sampleform. Make surethe following
itemsarelisted on the sampleform:

Table4.1- BAC-T SampleForm

Systemname,address,and
identification number

n

Location of sampling site

Date and time samplewastaken

W

Type of water sampled(raw or treated)

5. Chlorine residual

©

Computer ID number

7. Nameof operator taking sample

Therearetimeswhenwatersystemsieedto collectBacT

sampledor reasonstherthanmonitoringcomplianceNew
water lines and lines that have beenrepairedshould be
tested Wells that havebeendisinfectedshouldbe tested.
Thesesamplesnustbeidentifiedassomethingotherthan
acompliancesamplesotheywill not countasa violation

againsthe systemif theyarefoundto be positive.Thisis

done by checking"Special Sample"on the form and
identifying thetype of samplein the "Remarks'line.

Therearecertainrequirementsegardingheageof a Bac
T sample New Mexico Drinking WaterRegulationsstate
thatthesamplemustbetestedwithin thirty hoursafterit is
taken.If a sampledoesnot arrive at the lab within this
time periodit will not betested.To help avoidthis, make
sureall samplesaresentin ontime, preferablyat the first
of the week.Always obtaina receiptfrom the postmaster
aspartof thechainof custody.

REeTAKES AND VIOLATIONS

Anytime a Bac T sampleresultcomesbackpositive,
indicating the presenceof coliform, retakesamples
mustbetaken.Threeretakesareusuallyrequired One
mustbe takenat the site of the positive sample.The
otherretakesareupstreananddownstreanof thesite
(within five serviceconnections.Theseretakesmust
betakenwithin 24 hoursof receiptof positiveresults.
Theymustbe identifiedas"Resample’bnthesample
form. Whenretakesare neededa minimum of five
samples will be required for ttiellowing month.

Whenretakesomebackpositive, thesystems usually
in violation of the SDWA standardgunless40or more
samplesare taken then 5% of the samplescan be
positive.) If all of the positive sampleswere total
coliform, it is anon-acuteviolation. If fecal coliform
positivesoccurin eitherthe original or the retakesijt
becomesan acute violation with immediate
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notification.In eithercasehe NMED mustbenotified
within 24 hoursof any positive sampleresults.The
Watersystems responsibléor anypublic notification
thatmayberequired.
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Basic Stuby QUESTIONS

1. Whatis anindicatororganism?
2. Whatis sodiumthiosulphate?
3. Whyshouldyouflushbeforesampling?

Basic SampLE TeEST QUESTIONS

1. Which of thefollowing is anindicatororganism?
A. Giardia
B. Cryptosporidium
C. Hepatitis
D. E.Caoli

2. Which factoris usedto determinehow manyBac T
samplesnustbetaken?
A. Numberof operators
B. Typeof treatment
C. Numberof peopleserved
D. Amountof waterproduced

3. Whatis the minimum numberof Bact sample(s)
requiredeachmonth?

oCowx>
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ADbvANCED Stupy QUESTIONS

1. How manyretakesarerequiredfor eachpositive?

2. Which bacteriaare found only in surfacewater
supplies?

3. Whatmustbe doneon the sampleform to identify a
BacT sampleis from awell andis nota compliance
sample?

4. How soonmustNMED be notified that a bacterial
MCL hasbeenexceeded?

ADpVANCED SamPLE TEST QUESTIONS

1. Howmanysamplesnustbetakenbeforetwo positive
resultsDO NOT resultin anMCL violation?
A. 10
B. 20
C. 40
D. 80

2. A samplemustbetestedwithin how manyhours?
A. 24
B. 30
C. 48
D. 60

3. Anytimethe MCL is exceeded arfdcalcoliform
positiveresultscamebackfrom anyof thesamples.
A. Thisis anacuteviolation
B. Thisis anonacuteviolation
C. Thereis no notificationrequired
D. Only written notificationis required

4. If retakesrerequiredhismonth whatis theminimum
numberof samplegequirednextmonth?
A. 5
B. 10
C. 15
D. 20
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CHAPTER 5: DISINFECTION

TypPeEsoF DISINFECTION

The procesof killing pathogenidacteriain the drinking
watersupplyis knownasdisinfection. Disinfectionis the
final stepin the treatmentprocessand is hecessaryto
provide a "bacteriologicallysafe" drinking water for the
public. Disinfectionis now requiredfor all public water
suppliesChlorinationis themostcommonmeanf killing

diseasecausingobacteriain watersupplies.

While chlorineis usedprimarily for disinfectionin water

treatmentjt alsohasotherusesin the treatmentprocess.

Chlorinecanbeusedto removeiron andmanganesesome
kinds of tastesandodors,andsomedissolvedgasessuch
asAmmonia(NH ) andHydrogensulfide (H S). Theuse

of chlorinein thesseinstanceSJsuallyoccurszearlyin the
treatmentprocess Pretreatmentof raw water by pre-
chlorinatingusedto be a fairly commonpracticeuntil the
mid-1970's. Concerngverdisinfectionby-products such
as TriHaloMethanegTHM's) and halo aceticacids,have
almosteliminatedthe practiceof pre-chlorinationin the
United States.The removalof tasteand odorsfrom raw
water is now accomplishedusing PowderedActivated
Carbon(PAC) or oxidizing agentotherthanchlorine that
do not resultin chlorinatedby-products.The growing
concermregardingheuseof chlorineasadisinfectanimay
eventuallymeana changeto oneof theseotheroxidizing
agentsastheprimarymeanf disinfectionat sometiméan
thefuture.

CHLORINATION

Chlorineis the mostwidely useddisinfectantbecausét is
readily available,easily applied,and cheaperthan other

disinfectant.Dry chlorine is 2-3 times more expensive,
perpoundof chlorine,thanchlorinegas.

CHLORINE BLEACH

Chlorinebleachis aliquid solutionof sodiumhypochlorite
(NaOCl). Bleachis usually 3 - 12% available chlorine
and88 - 97%water. Bleachis the mostexpensivdorm of
chlorineandis normally usedfor disinfectingsmallwells
andwaterlines. It is sometimesisedor supplydisinfection
in very smallwatersystems.

CHLORINE TREATMENT TERMS

Severaltermsare usedto identify the variousstagesand
reactionghatoccurwhenchlorineis usedasadisinfectant.

Thebasicunit of measuremerior chlorination,or anyother
chemicaltreatmentis milligrams per liter (mg/l) or parts
per million (ppm). Theseare very small units reflecting
concentrationthatareessentiallyponepartchemicafor every
million partsof water. To get someideaof how smalla
concentratiotthisreallyis, it shouldbepointedoutthat1%
is equalto 10,000mg/l or ppm.

CHLORINE DosAaGE

Thechlorinedosagés theamountof chlorinethatis added
to the water.The dosagecan be determinedfrom the
numberof poundsof chlorine usedand the number of
millions of poundsof watertreated.

CHLorINE DEMAND

Chlorineis a very reactiveoxidizing agent.It will react
with a certainsubstancethatmaybefoundin water. This
list includes;iron, manganesehydrogensulfide, organic

oxidizing agentssuch as potassiumpermanganate compoundsandammonia.Whenchlorinereactswith these

(KMnQ,), chlorine dioxide (CIO,),UV disinfection, or
ozone (O,). Chlorine is applied in one of three forms;

substancesit losesit disinfecting properties.This is
referredto as the chlorine demand.For chlorine to be

chlorine gas, chlorine powder (HTH), or an aqueous effectiveasadisinfectantthe dosagemustalwaysexceed

solutionlike chlorinebleach.

CHiorINE Gas

Chlorine gagCl,) is compressethto aliquid for storage.
It canbe purchasedn cylinderscontaining150 or 2000
poundsof the liquefied gas. Chlorine gasis cheaperper
poundthaneitherof the otherforms.

CHLORINE POWDER

Chlorinein its dry formis calciumhypochloritefCa(OCl),].
It is alsomostcommonlyknown by the tradenameHTH
(High TestHypochlorite).Only about65 - 70%of theHTH
is availableaschlorine. Therestis calcium,whichis nota

the demandthat is presentin the water.The chlorine
demandmayvaryfrom dayto dayin asurfacevatersupply.
It is usuallyfairly constanin a groundwatersupply.

CHLORINE RESIDUAL
Thechlorinethatremainsn thewater afterit hadinishedreacting
with thosesubstancehatrepresenthedemandis knownasthe
chlorineresidual. Theconcentrationf theresiduals determined
by subtractinghedemandromthedosage.
EXAMPLE: A 4.0mg/ldosages addedo waterthat
hasa demandf 2.5mg/l.
Whatis theresidual?
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Dosage - Demand = Residual
or

41mg/ll - 25mg/l = 1.5mg/l Residual

There are two types of residualsthat result from the

chlorinationof water. Theyarefree chlorineresidualand

combinedchlorineresidual.

FreeChlorineResidual
After the demandhasbeensatisfied,any chlorine thatis
left will reactwith waterto from hydrochloricacid and
hyochlorousacid.

Cl,+ H,O> HCl + HOCI

The hypochlorousacid is the disinfectingagentand the
presenceof the hypochlorouson (OC1I) is measuredo
obtainthefree chlorineresidual.

CombinedChlorineResidual
Chlorinereactswith waterto form hypochlorousacid. If
ammoniais presentthe hypochlorousacidwill reactwith
it to form compoundknownaschloramines.

HOC1 + NH, > NH,CI + H,0O

Chloraminesarefoundin threeforms. Theymay contain
from one (NH,CI) up to three (NCI,) atomsof chlorine.
The chemistryof the waterand concentratiorof chlorine
will dictate which of the chloraminesare formed.
Chloraminesare weak disinfectantsThey requirelonger
contacttimes and higher concentrationsto achieve
disinfectionthanfree chlorineresidual. However theydo
not breakdownas quickly asfree chlorineandremainin
thesystemlonger.

DisINFECTION REQUIREMENTS

Two factors must be taken into considerationwhen
disinfecting drinking water. First, enoughchlorine must
be addedto reacha predeterminecconcentrationin the
water. Thenthe bacteriamust comein contactwith the
solutionfor a certainperiodof time. Thisis referredto as
achievingthe properresidualand contacttime. Killing
pathogenicbacteriarequiresa minimum of 0.2-0.4
milligrams per liter (mg/l) of free chlorineresidualanda
contactimeof 20minutes.Thecontactime canbereduced
if the residual is increased.Viruses, Giardia, and
Cryptosporidiumare harderto destroythan the other
waterbornediseasesFreeresidualsof 1.5-2.0 mg/l and
muchlongercontactimesmayberequiredto destroythese
organisms.

EFFeECTs oF TEMPERATURE AND PH
Changesn temperatureand pH of the watercanreduce
the effectivenesf chlorine. Coldertemperatureslow

down reactiontimes requiring higher concentrationsand
longercontactimesto achieveproperdisinfection. A high
pH impedesthe formation of the hypochlorousacid and
requiresa higherdosageo obtainthe properresidual.

BRreAKPOINT CHLORINATION

Whenchlorineis addedo waterthatcontaingnoammonia,
theresiduatthatis obtainedwill befreeavailablechlorine.
If ammonia is presengndthe demand haseen satisfied,
someof the free chlorinewill reactwith the ammoniato
form chloraminer combinedchlorineresidual. As more
chlorineis added,t will breakdowrthe chloramineghat
havebeenformedandthe combinedresidualwill beginto
drop. A pointwill bereachedvheretheresidualwill begin
to rise againafter all of the chloraminesthat canbe, are
destroyed.Theremay be somecombinedresidualleft in
the water at this point. From this point, any additional
chlorine dosagewill resultin the formation of only free
chlorineresidual. This is knownasthe "breakpoint”. All
water systemsthat chlorinate their water will, in fact,
practice breakpointchlorination. They will add enough
chlorineto the waterto achievea free chlorineresidualof
atleast0.2-0.5mg/I.

TheBreakpointCurveshownbelowillustratesheformation
and destructionof chloraminesbefore free residualsare
achieved. Evergystem'sbreakpoint willvary depending
on the chemicalmakeupand chlorine demandof the raw
water.

PPM 2
CHLORINE
RESIDUAL

PPM CHLORINE ADDED

Figure 5.1- BreakpointCurve

As chlorineis addedo thewater,it reactavith theammonia
thatis presenaindacombinedesiduareadings obtained.

TrackingtheBreakpointCurveillustratedin Figure5.1:

A"A" - In this case asthedosagéncreaseso about2ppm
(mg/l) the combinedresidual drops becausethe
chloraminesarebeingdestroyed.
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A"B" - When the dosagereaches3ppm (mg/l), the
breakpointoccursand first free chlorine residualis
obtained.Once the breakpointhas beenreached,the
freeresidualill increasatthesamerateasthedosage.

A"C" - Theremaystill be somecombinedresidualin the
watereventhoughthe breakpointhasbeenreachedput
it will remainatthis minimumlevelaslongasthedosage
is greatetthat3 ppm(mg/l).

A commoncomplaintreceivedby manyoperatords that
the water hasa "chlorine odor.” Theseodorsare almost
alwayscausedoy chloraminesn the waterratherthana
freechlorineresidual. Understandinghebreakpointcurve
may help solve this problem.

Theinitial reactionto thistypeof call maybeto reducehe

chlorine dosageto reducethe odors. This is actually the

last thing that you would want to do. First, the problem
mayberemediedoy simply flushingtheline in theareaof

thecomplaint. Theodorsareusuallyaresultof stalewater
sitting in the lines. The free chlorine that was originally

presentmay have broken back down into chloramines.
Flushingwill removethestalewaterandtheodorproblem,
until thewatergetsstaleagain. If flushingdoesn'tcorrect
theproblem,look atthe breakpointcurvebeforeadjusting
thechlorinefeedrate.

If the currentconditionsplaceus on the left side of the
breakpointthereis no free residualpresent.This canbe
confirmedwith aresidualtest. Thatmeanghewateris on
the "B" portion of the curve.Decreasingthe chlorine
dosagewill resultin movingfurtherto theleft onthecurve
into the"A" portion. Herethe chlormineconcentratioris
evenhigherandthe odorsmay becomeworseinsteadof
better.If the dosages increasedo the point wherefree
chlorine residualsare presentagain, the amount of
chloraminegandtheir odors)will bekeptto aminimum.

TesTING ForR CHLORINE RESIDUALS

Therearethreemethodghatareusedo testwaterfor chlorine
residual. Two of them arefield tests. The OrthoTolidine-
Arsenite(OTA) testwastheindustrystandardintil themid -
1970's. The problemwith the OTA testwasthat iron and
nitritesin thewaterwould interferewith thetest. In addition,
OTA wasfoundto bea carcinogenlt is no longerusedfor
chlorine residual testing today. Instead, the Diethyl-p-
PhenyleneDiemine (DPD) testis usedfor field work. It is

similar to OTA testbut is not known asthe amperometric

titrationmethod.It isnormallyrunin alaboratory.

TheDPDtestis a colormetricanalysis. Thereagents added
toavial of samplewater. Anothervial of samplevaterserves
asa"blank." If chlorineis presenthesamplewill turnpinkor

red. Thevial is placedin front of the "color wheel"andthe
samples comparedo the colorwheelandblank. Thereare
two chemicalpacketdor the DPD test. Oneis usedfor free
chlorine and the otheris usedfor total chlorine residual.
Subtractinghe freeresiduaffrom thetotal residualwill give
youthecombinedesidual.

GENERAL CHLORINE SAFETY

Chlorineis a greenishyellow gas.lt is 2.5 times heavier
than air. Chlorine gas is very corrosive.lt turns into
hydrochloricacidwhenit comesin contactwith moisture
(in thewater,in thechlorinelines,or in youreyesor lungs).
It doessupportcombustion It canbeharmfulif inhaledin
small quantitiesandfatal in largerdoses. The following
tableliststheeffectsof chlorinegasin variousconcentrations
in the atmosphereBecauseof the potentialfor injury to
workersandthegenerapublicfrom chlorinegasaccidents,
safetymustalwaysbethefirst considerationvhenhandling
chlorine.

Table 5.1- Chlorine Symptoms

SYMPTOM CONCENTRATION
Noticeable odor 0.2 ppm
Irritation after several hours 1.0 ppm
Irritation of throat after a few minutes 15 ppm
Immediate coughing 30 ppm
Dangerous after 30 minute exposure 50 ppm

Lethal in minutes 1000 ppm

CHORINATOR RoOM
Thechlorinatorroomshouldhaveawindowin thedoorso
thatthe operatotin theroomcanbe seerfrom theoutside.
Thelight andventswitchesshouldalsobelocatedoutside
theroom. Theroomshouldhaveventilationlocatedatfloor
level sincechlorinegasis heavierthanair andwill settlein
thelowestspotin theroom.

Theroomshouldbekeptbetweer6(®F and120F. Below
60 F, chlorine gasforms chlorine hydrate,alsoknown as
"greenice,” whenit comesin contactwith water. This
greenice canclog the injector and gaspiping, creatinga
seriougmaintenanceroblem.

Whenachlorinecylinderis full andatroomtemperaturei
is about85%full of liquefiedchlorine. Asthetemperature
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rises,the liquid expandsandtakesup more spacein the
cylinder. At 157 F theliquid will expando occupyl100%
of thecylinder. If theliquid expandsanyfurtherthecylinder
will rupture causingamassivechlorineleak.

NEVER entera chlorine facility without ventilating for

severaminutesfirst. TheNationalFire Codenowrequires
thatnewgaschlorinefacilitiesbeequippedvith ascrubber
systemthatwill removechlorinegasthat may be present
in the ventilation exhaust. Thesesystemsmust have a

backuppowersupplyto keepthe scrubberrunningin the
eventof apowerfailure. Checkwith local Fire authorities
beforenew chlorinefacilities are built to makesurethey
will bein compliance.

CHLORINE STORAGE

The room where chlorine cylindersor HTH drums are
stored must be kept dry and well ventilated.Chlorine
should always be storedin a room separatgrom other
chemicals.Chlorine cylindersthat are empty should be
separatedrom thosethat are full. Whennot in use,all
cylindersshouldbe chainedo thewall.

CHLORINE CYLINDERS

NEVER removethe valve hoodfrom a chlorine cylinder
unlesst is chainedo the scalesandreadyto be putonthe
system.All cylindersshouldbe chainedto thewall or the
scaleainlesgheyarebeingmoved. Emergencyepairkits
areavailablethat canbe usedto sealleaksin the broken
valvesor leakingcylinders.Every systemthat operatesa
gaschlorine systemshouldhavean emergencyit or be
ableto getaccesgo oneonvery shortnotice.

To preventthecylinderfrom rupturingwhenit getstoohot,
everygascylinderwill havea"fusible plug" thatis designed
to meltat 157 F. Thereis onein the valve assemblyof

Figure 5.2- Chlorine Cylinder Valve

every150 Ib. cylinder andsix (threeon eachend)in the
body of very 1-ton cylinder. As oneof thesefusible plugs
melts, it will allow the releaseof chlorine gasfrom the
cylinder. This still represents seriousproblem, but the
releasewill be more gradualthanit would if the tank
ruptured.

HTH HanDLING SAFETY

Powderedchlorine shouldbe storedin a cool dry place
separatérom otherchemicals.HTH mustneverbeallowed
to comein contactwith petroleumproductsor organic
solvents.If this happensit will explodeviolently! Thisis
alsotruefor theotherformsof chlorine,butis morelikely
to occurduring the handlingof HTH. Caremustalsobe
takento avoid contactwith the eyesor bareskin.

RESPIRATORY PROTECTION

Anyoneinvolvedin handlingchlorineshouldhaveaccess
to respiratoryprotectionequipment.Chlorine gasforms

hydrochloricacid whenit getsin the eyesor lungs. This

canresultin seriousinjury or deathdependingon the

concentratiorand exposuretime. The damagecausedby

exposurego chlorinegasis cumulative.Severalincidents
involving minor exposurecancontributeto serioushealth

problemsat sometimen thefuture.

Therearetwo basictypesof respiratoryprotection.Oneis

the gasmaskthatusesa filtering deviceto removechlorine.
Thesareeitherafull -facemaskor amouth/noséyperespirator.
The othertype of respiratoris the selfcontainedbreathing
apparatu$SCBA). TheSCBAunitis full-facemaskwith an

airtankto providetheoperatomwith freshair to breathevhen
in hazardousatmospheresBoth of thesedevicesmay be
renderedneffectiveif thewearehasfacial hairthatinterferes
with the faceto-maskseal.

GadMasks

The gasmaskis designedo allow
the operatortime to escapethe
chlorineroomwhena leak occurs.
THESEDEVICESAREINTENDED FOR
ESCAPEPURPOSESNLY! A GAS
CANISTERMASK MUST NEVERBE
USED TO ENTERANY AREAWHERE
CHLORINEGASIS PRESENT!If the
releasef chlorinedropstheoxygen
concentrationbelow 12%, it is
impossibleto surviveevenif all the
chlorineisfilteredout. If anoperator
is wearinga canistermaskhe must
still leavetheareammediatelyupon
detectiorof achlorineleak. Thegas
canistershouldoechangeaverysix
monthsor anytime it hasbeen
exposedo chlorinegas.
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